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Effect of Selected Essential Oils Against Zoonoses
and their Epidemiological Survey among Domestic
Rodents in Egypt
Walaa S. Nasser a, Micheal W. Mikhail a, Marwa Y. Issa b, Essam Abdel-Sattar b,*
a

Research Institute of Medical Entomology, The General Organization for Institutes and Teaching Hospitals, Ministry of Health and
Population, Dokki, Egypt
b
Department of Pharmacognosy, Faculty of Pharmacy, Cairo University, 11562 Cairo, Egypt

Abstract
A cross-sectional seroprevalence survey of certain pathogenic zoonses in domestic rodents from Abou El Noumorus
district, Egypt, was conducted. In addition, antimicrobial of selected essential oils (EOs) was performed and the Minimum
Inhibitory Concentration (MIC) was measured. The overall prevalence of antibodies against tested organisms was determined. MIC of the tested EOs showed a promising result. This study provides a serological evidence about the occurrence of
these bacteria among domestic rodents. This information is helpful for determining strategies for rat zoonotic diseases
prevention and control. Also, it highlighted the effect of certain EOs against the isolated zoonotic pathogens.
Keywords: Essential oils, Rodents, Zoonoses

1. Introduction

T

he concept of a global and integrative
perspective to improve the health and wellbeing of people, animals and the environment, often
deﬁned as ‘One Health’, which has been strongly
described recently [1]. As humans and animals
share the same environment, they often suffer from
the same pathogens and this require a cross-sectoral
approach integrating human and animal disease
surveillance and monitoring [2]. Zoonotic diseases
(ZD) are infectious diseases that can be directly or
indirectly transmitted between animals and humans
[3]. The high incidence and prevalence of ZD in
Egypt may be attributed to the deﬁciency of suitable
control mechanisms, inadequate infrastructure and
lack of information on their signiﬁcance and distribution [4]. Since decades, domestic rodents like
Norway rat (Rattus norvegicus) and roof rat (Rattus
rattus) have posed an extreme threat to human and
other livestock. They act as vector and reservoir host
of several ZD like plague, leptospirosis, rat bite

fever, salmonellosis and tularemia [5]. EOs were
used from generation to generation to treat several
human diseases due to their known medicinal
beneﬁts [6]. EOs consist of complex mixture of volatile constituents (up to 60 different compounds).
These compounds produced through secondary
metabolism process in plants [7]. These phytochemicals showed promising therapeutic and biological activities against broad range of bacterial and
viral human and animal diseases [8]. Terpenes and
terpenoids are the main bioactive compounds with
possible antimicrobial activity [9] that mainly cause
disturbance of permeability and integrity of the
bacterial cell membrane [10].
The aim of this study was to determine the seroprevalence of selected zoonotic bacterial pathogens
(leptospirosis spp., Salmonella spp. And tularemia)
in commensal rodents to assess the risk of transmission to other animals and humans. Also, the
antimicrobial activity of three selected essential oils
against zoonotic Salmonella typhimurium and E coil
isolated from domestic rat feces has been studied.
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2. Materials and methods
2.1. Study design and sampling
Wild strains of Norway rat (R. norvegicus) and
roof rat (R. Rattus) were captured from Abu El
Nomrous and Kerdasa districts, Giza governorate,
Egypt. The trapping was from infestations without
a recent history of rodenticide treatment. Trapping
cages were baited, distributed in houses and set
for one night, then collected in the next morning.
All experimental procedures and animals handling
were conducted according to the guidelines of the
ethical committee for animals’ experimentation at
Faculty of Pharmacy Cairo University (MP1735).
Rats were humanely euthanized via overdose
sodium pentobarbital in a speciﬁc laboratory jar
(0.5 mL/kg) as recommended [10]. Blood samples
(n ¼ 91) were obtained by sterile, nontoxic and
pyrogen-free 3 cm syringe (1 mL/CC, Shandong
Zibo Shanchuan, China) via heart puncture technique and were collected in anticoagulant-free
tubes with serum clot activator (KEMICO, Egypt).
The collected blood samples (1e3 mL) were put in
water bath 37  C for 20 min, after that, the samples
were spun down at 2000e3000 RPM for 20 min via
centrifuge. Sera were transferred by 50 ml pipette to
Eppendorf that were spun in an Eppendorf centrifuge at 3000 RPM for 5 min. All sera were stored at
20  C until use for further serological testing
(ELISA).
2.2. Essential oils (EOs)
The essential oils tested were Rosemary (Rosmarinus ofﬁcinalis), Lemongrass (Cymbopogon citratus), and Sweet marjoram (Origanum majorana).
Lemongrass essential oil was purchased from the
faculty of pharmacy, Cairo University. Marjoram
and rosemary essential oils were obtained from
Areej aromatherapy (Hashem brothers for essential oils and aromatic products, Egypt), and all of
the oils are purchased in sealed amber bottles. The
oils selection was based on previous studies
[11e13].
2.3. Laboratory analysis
2.3.1. Serological survey of ZD
The presence of leptospirosis spp., Salmonella
spp., and tularemia antibodies in the rats’ sera was
determined using commercial (ELISA) (SinoGeneClon Biotech Co., Ltd IgG ELISA Kits) according to
the manufacturer's recommendations.

2.3.2. Isolation of salmonella and E. coli from
domestic rodents’ feces
Escherichia coli and Salmonella were isolated from
the feces of domestic rodents according to [14]. The
isolated strains were maintained for 18 h in 10 mL of
Mueller-Hinton agar at room temperature. Media
were made up according to the European pharmacopeia directions.
For isolation of Salmonilla, XLD agar was used and
the colonies had transparent zone of reddish color
and a black center, while for isolation of E. coli
MacConekey agar was used and the colonies are
pink, dry donute shapes.
2.3.3. GCeMS analysis of essential oils
The condition of GCeMS analysis was as follows:
Column temperature: isothermal at 45  C for 2 min
followed by programming to 300  C (5  C/min) then
kept isothermal at 300  C for 5 min. The temperature of injector: 250  C. The carrier gas: helium, ﬂow
rate: 1.41 mL/min. Mass spectra were recorded with
the following conditions: ﬁlament emission current,
60 mA; ionization voltage, 70 eV; ion source, 200  C.
Samples (1% v/v) were injected with splitting ratio
of 1: 15.
2.3.4. Antimicrobial activity of essential oils
The antimicrobial screening of the oils was performed using disk diffusion method as a preliminary test. Cultures of Salmonella and E. coli were
kept at 37  C for 18 h in 10 mL of Mueller Hinton
Broth. The cultures were adjusted to 10 CFU (colony-forming unit) per mL using a sterile saline solution. The suspension (500 mL) were spread over
Mueller-Hinton agar using a sterile cotton swab.
The EOs were dissolved in DMSO (dimethyl sulfoxide) 1mg/mL. Under aseptic conditions, sterilized
discs (Whatman no. 5, 6 mm) were impregnated
with 15 mL of the respective essential oils and placed
on the surface of agar. Negative control was sterilized disc loaded with aqueous DMSO. We used
Ampicillin (10 mg/disc) and Polymixin (130 units/
disc) as reference control. To prevent spontaneous
evaporation of EOs, all petri dishes were sealed with
sterile laboratory Paraﬁlm then incubated for 18 h at
37  C. After the incubation period, the zone of inhibition was measured with a caliper. The method
used to determine MIC of each sample is critical
dilution method [15]. Each essential oil was serially
diluted twofold in Tryptone Soya broth. The ﬁnal
concentrations of each oil in the medium were
1 mL/mL, 0.5 mL/mL, 0.25 mL/mL and 0.125 mL/mL
(v/v). Two mL of EOs in the medium were seeded

BULLETIN OF FACULTY OF PHARMACY, CAIRO UNIVERSITY 2022;60:29e40

with the culture broth for 24 h (0.5 McF units). All
samples were incubated at 37  C for 18 h. After incubation, the MIC was represented by the last tube
without any visible growth of bacteria. All tests were
carried out in triplicate and the mean value was
determined.

3. Statistical analysis
The estimation of the prevalence of the different
pathogens was determined from the ratio of positive
to the total number of samples tested, with the exact
binomial conﬁdence intervals of 95%. The correlation between estimated prevalence and independent variables (species, sex) were analyzed by
means of a Pearson's chi-square test. Means and
standard deviations of the antimicrobial assays of
EOs were determined using conventional statistical
methods. Each experiment was performed in three
replicates. Values with P < 0.05 were considered as
statistically signiﬁcant. Statistical analyses were
performed using SPSS 19.

4. Results
4.1. Chemical composition of essential oils
Table S1 shows the chemical constituents, the
relative percentage of the total chromatogram area
according to the total compounds and the retention
indexes of Rosemary, Marjoram, and Lemongrass
essential oils. GCeMS analysis of Rosemary EO
identiﬁed 14 constituents representing more than
98.83% of the total EO (Fig. S1). The major components were 1,8-cineole (76.05%), camphor (6.21%), apinene (11.87%) and sabinene (1.78%). Flamini et al.,
(2002) [16] classiﬁed Rosemary oil into two chemotypes: the a-pinene chemotype with the major
compounds being a-pinene (20.6%) and 1, 8-cineole
(6.6%) and the 1, 8-cineole chemotype with the
major components being 1, 8-cineole (40.2%) and apinene (13.2%). The proﬁle obtained in this study
was similar to that previously reported for other
Mediterranean Rosemary samples [17,18].
Concerning the Marjoram EO, 11 compounds
were identiﬁed, which represent 95.85% of the total
identiﬁed components (Fig. S2). Terpinen-4-ol
(46.28%) was the major component. The other
detected constituents were terpinolene (11.27%),
cis-sabinene hydrate (4.46%), g-terpinene (22.65%),
sabinene (7.20%), and a-phellandrene (0.22%). Two
chemotypes of O. Majorana were found in the
literature, the cis-sabinene hydrate/tepinen-4-ol
chemotype and the carvacrol/thymol chemotype
[19].
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In the Lemongrass EO (Fig. S3), the major components were (E )-citral (geranial, 53.77%), (Z )-citral
(neral, 33.71%), and geranyl acetate (7.56%). The
quality of lemongrass is generally determined by its
citral content [20e22]. Therefore, this sample may
be classiﬁed as a Citral Chemotype. Comparing the
chemical constituents of this EO with the compositions of that of Indian oils [23], with approximately
the same content of neral and geranial, whereas the
African oils contain high levels of myrcene.
4.2. Epidemiological survey of rat zoonotic diseases
Figure S4 represents the results of the ELISA kits
and ﬁgure S5 showed the isolation of S. typhimurium
and E. coli from rat feces.
In the present study, the Norway rat and the roof
rat captured form Abou El Noumrous center, Giza
governorate, showed high seropositivity of antisalmonella, anti-leptospirosis, and anti-tularemia
antibodies. The highest seropositivity was in cases
of anti-salmonella anti-bodies 27.47% (25/91), followed by anti-leptospirosis anti-bodies 21.97% (20/
91) and the lowest seropositivity was in case of antitularemia antibodies 13.18% (12/91). Figure 1 represents the comparison between the total number of
males and females according to seropositive and
seronegative anti-salmonella, anti-leptospirosis and
anti-tularemia antibodies. Figures 2 and 3 showed
comparison between the total number of males and
females according to seropositive and seronegative
anti-salmonella, anti-leptospirosis and anti-tularemia antibodies in the Norway rats and roof rats,
respectively.
Data in table 1 showed that the seropositivity of
anti-salmonella anti-bodies between R. norvegicus
and R. rattus was 26.08% (18/69) and 31.8% (7/22),
respectively and that revealed no signiﬁcant difference between the two species (Х2 ¼ 0.275,
P ¼ 0.6). The corresponding values showed that
males of R. norvegicuss showed more infected cases
33.3% (13/39) than females 16.6% (5/30) but this has
no signiﬁcant difference (Х2 ¼ 2.443, P ¼ 0.118). On
the other hand, seropositivity of anti-salmonella
antibodies in males of R. rattus was lower 30% (3/10)
than that of the females 33.3% (4/12) and also that
was not signiﬁcantly different (Х2 ¼ 0.028,
P ¼ 0.867).
Data in table (1) also revealed that the seropositive
cases of anti-leptospirosis anti-bodies among R.
norvegicus and R. rattus was 27.5% (18/69) and 4.5%
(2/22), respectively and this was not signiﬁcantly
different (Х2 ¼ 2.8, P ¼ 0.094). In the case of R.
norvegicus, the seropositivity of anti-leptospirosis
antibodies was higher in females 33.3% (13/39) than
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Fig. 1. Comparison between the total number of male and females according to seropositive and seronegative antipre-salmonella, anti-leptospirosis
and anti-tularemia antibodies.

that of males 16.6% (5/30) and this was not signiﬁcantly different (Х2 ¼ 2.443, P ¼ 0.118). While in the
case of R. rattus, the results revealed the absence of
infected rats in the females compared to higher
seropositive anti-leptospirosis antibodies 16.6% (2/
22) that were found in the males.
Examination the data in table (1) showed that rats
with seropositivity for anti-tularemia antibodies
were 14.5% (10/69) and 9% (2/22) for R. norvegicus
and R. rattus, respectively. There was no signiﬁcant
difference between the two species regarding the

seropositivity
of
anti-tularemia
anti-bodies
(Х2 ¼ 2.78, p ¼ 0.229). Males of R. norvegicus showed
higher seropositivity for tularemia antibodies
15.38% (6/39) than the females 13.3% (4/30). On the
other hand, there were no infected females’ cases in
R. rattus, while there were 9% (2/22) seropositive
anti-tularemia antibodies in males. No association
was found between sex and prevalence of Salmonella, leptospirosis and tularemia (Х2 ¼ 1.43,
P ¼ 0.232), (Х2 ¼ 1.283, P ¼ 0.257) and (Х2 ¼ 0.914,
P ¼ 0.339), respectively.

Fig. 2. Comparison between the total number of males and females according to seropositive and seronegative anti-salmonella, anti-leptospirosis and
anti-tularemia antibodies in the Norway rats.
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Fig. 3. Comparison between the total number of males and females according to seropositive and seronegative anti-salmonella anti-leptospirosis and
anti-tularemia antibodies in the roof rats.

Table 1. Seroprevalence of Salmonella, Leptospirosis and Tularemia among commensal rodents collected from Abou El Noumrous center, Giza
governorate by ELISA.
Rodent
species

R. norvegicus

R. rattus

Total

sex

Male
Female
Total
male
female
Total

No. of
weight
tested
Mean ± SD
rodents
39
30
69
10
12
22
91

195 ± 54.4
272.5 ± 63.5
221 ± 73
210 ± 58
179 ± 49
172.5 ± 68.1
209.38 ± 74.4

Salmonella
Range

95e287
178e419
95e419
175e344
32e201
32e344
32e419

Leptospirosis

Tularemia

þve IgG*

-ve IgG#

þve IgG*

-ve IgG#

þve IgG*

-ve IgG#

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

13
5
18
3
4
7
25

33.3
16.6
26.08
30
33.3
31.8
27.47

26
25
51
7
8
15
66

66.6
83.3
73.9
70
66.6
68.18
72.5

13
5
18
0
2
2
20

33.3
16.6
27.53
0
16.6
4.5
21.97

26
25
51
10
10
20
71

66.6
6
83.3
4
72.4
10
100
2
83.3
0
95.45 2
78.02 12

15.38
13.3
14.5
20
0
9.09
13.18

33
26
59
8
12
20
79

84.61
86.6
85.5
80
100
90.9
86.8

*þve IgG seropositive antibodies.
#-ve IgG seronegative antibodies.

4.3. Antimicrobial assay of essential oils
Three essential oils (R. ofﬁcinalis, O. Majorana and
C. citratus) were tested for their antibacterial activity
against E. coli and S. typhimurium. The tested EOs (O.
Majorana and C. citratus) exhibited different degrees
of antibacterial activity against tested bacterial
pathogens (Table. 2 and Fig. S6). R. ofﬁcinalis oil,
which failed to inhibit the growth of the tested
bacterial pathogens, the reasons for this result may
be due to multiple factors such as variation of the
active constituents, the presence or absence of some
components, time of collection, and stage of maturity [18,20e22,24].
O. Majorana exhibited almost the highest activity
against the tested bacteria with the MIC of 250 ml/
mL for both of E. coli and S. typhimurium bacteria
(Tab. 3).

The oil of C. citratus exhibited signiﬁcant antibacterial activity with MIC of 500 and 250 ml/mL against
E. coli and S. typhimurium, respectively. In broth
dilution method, the tested organisms inhibited by
lemongrass oil at a very low. On other hand, the
essential oil of R. ofﬁcinalis failed to inhibit the
growth of the two tested bacteria.

5. Discussion
5.1. Epidemiological survey of rat zoonotic diseases
The aim of this study was to determine the prevalence of selected zoonotic bacterial pathogens
(leptospirosis spp., Salmonella spp. And tularemia) in
domestic rodents, the Norway rat and the roof rat,
and to assess the risk of transmission to sympatric
zoological species and humans in Abou El Noumrous center, Giza governorate, Egypt.
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Table 2. Determination of inhibition Zone (mm) of tested essential oils.
Bacteria

E. coli
Relative potency
S. typhimurium
Relative potency

Diameter of the inhibition zone in mm (mean ± SD)
R. ofﬁcinalis

O. majorana

C. citratus

Positive standard

Negative
standard (DMSO)

NI
e
NI
e

8.3 ± 0.57
92.2%
9±0
55.21%

7.6 ± 0.57
84.4%
7±0
42.9%

9 ± 0 (polymyxin)

NI

16.3 ± 1.15 (ampicillin)

NI

NI: no inhibition. Results are mean ± SD values of three replications. For the same essential oil.
Table 3. Minimum inhibitory concentration of tested essential oils.
Bacteria

Minimum inhibitory concentration (MIC) (ml/mL)

Positive standard

Essential oil
R. ofﬁcinalis

O. majorana

C. citratus

E. coli

e

250

500

S. typhimurium

e

250

250

The results of current study on rodents as carrier
for Salmonella showed great variations, ranging from
an absence of Salmonella to high prevalence. Ribas
et al. [25] examined 110 rats (R. norvegicus and Rattus
exulans) for Salmonella spp and the result showed
the prevalence of 49.10%. An earlier study was
conducted in Vancouver, Canada to investigate the
prevalence and characteristics of E. coli and Salmonella spp. In Norway and black rats (Rattus norvegicus
and R. rattus, respectively) and the Salmonella spp.
were detected in 3/633 (0.5%) of rats only [26]. In
another study, the prevalence of Salmonella in
eastern Japan was investigated between 2004 and
2006 to determine the prevalence of Salmonella in
roof rats (R. rattus) and the result revealed that 113
(13.3%) and 158 (18.6%) out of 851 of rats examined
were positive for S. Enteritidis and S. Infantis,
respectively [27].
The second highest seropositivity was in cases of
anti-leptospirosis anti-bodies 21.97% with high
prevalence among R. norvegicus 27.5% and was
higher in females 33.3%. Previous surveys of
leptospirosis in rodents in north Queensland, using
PCR methods, have found the prevalence of 40%
between the seventy captured rats [28]. Another
study was carried out to isolate Leptospira and
characterize the serovars circulating in the urban
rat populations from selected main cities in
Peninsular, Malaysia by using Microscopic agglutination test (MAT) and PCR has found the prevalence of 11.0% [29]. Different detection rates of
leptospirosis were observed with MAT (21.2%),
PCR (11.3%), and n-PCR (3.3%) from one hundred
ﬁfty-one rodents that were trapped alive at 10 locations in Mazandaran Province, northern Iran

130 units (13 mg)
(Polymyxin)
10 mg (ampicillin)

[30]. Earlier studies on the occurrence of Leptospira
spp. in 30 R. norvegicus living in sewers in a suburban area in Copenhagen, Denmark, found
prevalence ranged between 48% and 89% using
PCR [31].
There was no signiﬁcant difference regarding the
seropositivity of anti-tularemia anti-bodies between
the rodents R. norvegicus and R. rattus and on the
other hand, there were no infected females’ cases in
R. rattus. Sousveillance for Francisella tularensis
among 120 wild rodents in Japan was tested by
using competitive enzyme-linked immunosorbent
assay (cELISA) and microagglutination (MA) tests,
found two and one small rodents positive cases,
respectively [32]. Serological tests were positive for
tularemia in 4.8% of trapped rodents (245) in
Western Iran [30].
5.2. Antimicrobial assay of essential oils
Microbial contamination is the main cause of
deterioration of many foods and is responsible
mainly for the loss of safety and quality. Natural
products and essential oils are of great importance
in prevention and control of food-borne and food
spoilage bacteria. The presence of pathogenic and
spoilage microorganisms in foods is growing
nowadays due to the increase in outbreaks of foodborne diseases. Therefore, selected essential oils
were investigated for their antimicrobial activity
against selected bacteria, for the purpose of control
or for the preservation of food.
The three essential oils were selected based on the
previous
reported
antimicrobial
activity
[11e13,33,34].
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Overall, the essential oil of O. Majorana and C. citratus showed comparable growth inhibition against
the two tested bacteria. The result of both oils differed
signiﬁcantly from those reported in another study
against E. coli isolated from Alouatta spp. Feces [35].
The observed activity is most probably due to both
terpinen-4-ol, and a-terpinolene which are the major
constituents of the essential oil. Both compounds
were found to have the broadest spectra of activity
against several bacterial strains [36].
The antibacterial activity of C. citratus oil against
both E. coli and S. typhimurium, was in agreement
with the result reported by Raybaudi-Massilia [37],
De Silva et al. [38] and by Millezi et al. [39]. However, the oil of R. ofﬁcinalis failed to inhibit the
growth of the two tested bacteria in the current
study and this ﬁnding disagrees with the studies
done in other locations [40]. Although, a-pinene the
major components of this oil, has been known to
exhibit antimicrobial activity against the bacterial
strains (Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa, Shigella ﬂexneri,
Klebsiella pneumoniae, Salmonella typhi, Serratia marcescens, and E. coli) [12]. Overall, it is not surprising
that there are differences in antimicrobial activities
of these three plant groups due to the variations of
chemical class types and/or concentration of their
chemical constituents present in them.
The ﬁeld of integrative surveillance in a One
Health perspective is new but growing. There are
already quite a few systems attempting to integrate
human data with animal data for better prevention
and control. In conclusion, this study provides
serological evidence about the occurrence of Salmonella spp., Leptospira spp. and F. tularensis among
domestic rodents (R. norvegicus and R. rattus) in
Abou El Noumorus district, Giza. This information
is helpful for determining strategies for rat zoonotic
diseases prevention and control in humans and
animals by control of the animals (source of infection) via the application of appropriate control programs. This study also highlighted the antimicrobial
activity of the O. Majorana and C. citratus essential
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oils against the isolated zoonotic S. typhimurium and
E coli spp from the feces of domestic rodents. The
results indicated that O. Majorana has shown strong
antimicrobial activity. Though the antimicrobial activities of the C. citratus oil was less effective than the
O. Majorana oil, in addition, R. ofﬁcinalis oil failed to
show any antimicrobial activity. Further investigations are required to evaluate the bactericidal
properties of the EOs in practical applications on
other isolated zoonotic strains and to assess their
potentials for use as a natural preservative or
decontaminant in food products or vegetables/fruits
against several agents of foodborne diseases and
food spoilage. Hence, it is concluded that reducing
contamination in food products caused by foodcontaminated pathogens using essential oil or their
bioactive compounds which display strong efﬁcacy
on inhibiting foodborne pathogenic bacteria could
be a feasible approach to the entire integrated
operation on food-contaminated pathogen controlling program.
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Appendix
Table S1. The chemical composition of rosemary, marjoram, and lemongrass oils.
Peak no

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
Total identiﬁed

Compound
a-Phellandrene
a-Pinene
Camphene
Sabinene
b-Pinene
b-Myrcene
Terpinolene
p-Cymene
D-Limonene
1,8-cineole (Eucalyptol)
g-Terpinene (crithmene)
Linalool
cis-Sabinene hydrate
Camphor
Isoborneol
Terpinen-4-ol
a-Terpineol
(Z )-Citral (Neral)
(E )-Citral (geranial)
Bornyl acetate
Copene
Nerol
a-Humulene
Viridiﬂorol

RT

7.394
7.626
8.058
8.802
8.898
9.335
10.134
10.430
10.514
10.687
11.484
12.771
12.739
14.253
14.890
15.204
15.633
17.108
17.981
18.433
20.986
21.116
23.127
26.493

RI

916
925
941
967
971
987
1014
1023
1026
1032
1057
1099
1098
1146
1167
1177
1192
1241
1272
1288
1377
1381
1458
1589

% Occurrence
Lemongrass

Rosemary oil

Marjoram oil

-

11.87
0.99
1.78
0.09
0.35
76.05
0.11
6.21
0.65
0.38
0.15
0.03
0.05
0.12
98.83%

0.22
0.32
7.20
0.14
0.69
11.27
1.65
22.65
4.46
46.28
0.97
95.85%

33.71
53.77
7.56
95.04%

Fig. S1. GC chromatogram of rosemary oil.
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Fig. S2. GC chromatogram of marjoram oil.

Fig. S3. GC chromatogram of lemongrass oil.

37

38

BULLETIN OF FACULTY OF PHARMACY, CAIRO UNIVERSITY 2022;60:29e40

Fig. S4. ELISA kits result. A: rat Salmonella IgG kit. B: rat leptospirosis IgG kit. C: rat tularemia IgG kit.

Fig. S5. Isolation of zoonotic S. typhimurium and E. coli from rat feces. A1-2: E. coli on MacConkey agar. B1-2: S. typhimurium on XLD agar.
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Fig. S6. Determination of inhibition Zone (mm) and MIC of tested essential oils. Determination of inhibition Zone (mm) A: against E. Coli, B:aginst
Salmonella spp. MIC of tested essential oils,C-D: O. majorana, E-F: C. citratus
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